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In an attempt to find proof that cytokinin glucosides are exported 
from senescing leaves prior to abscission, 13H](OG)DHZ was 
applied to mature senescing leaves of Salix babylonica. Within the 
leaf, radioactivity was redistributed mainly acropetally towards the 
leaf tip. Only 8% of the radioactivity moved basipetally and very 
low levels of radioactivity were detected in stem sections. The 
export of cytokinin glucosides may well occur but apparently it is 
not a major event occurring from mature leaves. Whether the pro-
cess can be accelerated during the senescence stages of the leaf 
needs to be established. 
Keywords: Cytokinin glucosides, mature leaves, Salix babylonica, 
transport. 
Abbreviations: DHZ = dihydrozeaUn; (OG)DHZ = dihydrozeatin-O-
glucoside; [9R-MPjDHZ = dihydrozealin nucleotide. 
Mature senescing leaves of many plants accumulate cytok inin 
glucosides (Hewett & Wareing 1973; LClham et af. 1976; van 
Sladen 1976a. b. 1977, I 996a: Duke <t lIf. 1978). These sub· 
stances are regarded as inactivation or s(Qragc compounds thar. 
upon hydrolysis. again yield active cytokinins (van Staden & 
Papaphilippou 1977; Letham et eli. 1983; van Staden & Drewes 
1991). The cleavage o f the glucose moiL!ty and rdease of the 
active free base must therefore occur prior to periods when bio-
logically active cy tok inins arc required. This seems ro Ol.:cur in 
many plant systems (Smith & van Staden I tJ78; Saha et ul. 1984; 
Joseph 1986; Martin el Clf. 1987). It has indeed been reported that 
the release of cytokinin O-glucosides stored in bark. leaves and 
roots may be important in the resumption of growth after periods 
of dormancy (van Staden & Brown 1978: Palmer el al. 1981a; 
van Sladen 1996c). 
In deciduous systems, the large amoum of O-glucosides accu-
mulated in the leaves wou ld be lost upon abscission if not trans-
ported out of the leaf. Cytokinins arc transported via the phloem 
(Hall & Baker 1972: Yonk 1979). Yank and Davelaar ( 198 I ) 
demonstrated that cytokinin glucosides in the phloem could be of 
leaf origin. The present study attempted to find support for the 
hypothesis that some of the cytOkinin glucosides in leaves are 
exported prior to abscission. 
Intact two-year-old Salix babylollic(I plants grown from cut-
tings were used in this experiment. r~Hl(OG)DHZ was obtained 
by feeding ['HjDHZ to mature leaves (January/February) as 
described previously (van Staden 1996b). The radioactive frac-
tions coeluting with authentic (OG)DHZ on HPLC were col-
lected and subsequentl y used for experimentation. The extract 
was highly radioactive and could be hydrolyzed by p-gluco-
sidase. It was not unambiguously identified and is referred to as 
['H)(OG)DHZ. All leaves used in the study were silualed in lhe 
middle of a stem with an imacr apex. and were fully expanded. 
The length of each leaf was measured and a small area exactly 
midway between the leaf tip and the base of the petiole was care-
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fully scrapcl.l with a scalpel blade in order to remove the cuticle 
and upper epidermal cell layers. Distilled water (40 !-lm) contain-
ing approximately 700 84 I'H]( OG)DHZ and a small drop of 
10% Tween 20 was then applkd to this area with an autopipette. 
The plant was maintained at ambient temperature and a photo-
period of I K h lighl. for 24 h. 
At the end of the 24-h incubation period, the leaf was divided 
into three regions of equal length: the leaf tip, the mid-leaf con-
taining the site of application of radioactivity, and the leaf base 
and petiole (Figure I) . Regions of the leaf and subtending stem 
were harvested. The mid-leaf section (region of radioactivi ty 
application) was rinsed in distilkd water to remove residual 
(,H](OG)DHZ from lhe leaf surface. All leaf seclions were 
weighed, flash-frozen and frel!ze-dried prior to cytokinin analy-
sis. Two 2-cm sections of stem were collected hoth above and 
helow the treated kar, and arc n:ft:rred to as upper stem I, upper 
stem II. lower stem I and lower stem II. as illustrated in Figure 1. 
Comparative leaf samples were collected from untreated leaves 
on different plants to act as controls and allow for background 
interference on counting of radioactivity. 
Freeze-dried tissue from the collected samples was homoge-
nized to a powder and ex tracted in boiling methanol for 30 min. 
After filtration and reduction to dryness. the residues were resus-
pended in 2 ml of 80% methanol. A 40-).d aliquot was removed 
from each sampk. placed in a scintillation vial with 4 ml scinti l-
lation cocktail and counted for radioactivity. Absolute levels of 
radioactiv ity (in ea...:h portion of the plant extracted) were calcu-
lated hy subtracting the background counts ob tained from the 
untreated plant portions from tht: corresponding treated paris. 
After analyzing thl! distribution of radioactivity within the 
treated leaf and subtend ing stem. 500 ~d of the mid-leaf I!xtract 
was filtered through a O.22-).un Millipore filler and separated 
using HPLC (van Staden 1996a). Fractions were collected at 
I-min intervals and SOO-p l aliquots of each fraction were 
counted for radioactivity. Where applicab le. frac tions were sub-
jected to p-glucosidase hydrolysis and further separation hy TLC 
(van Staden 1996a). 
After a 24-h incubation period. the highest percentage of 
recovered radioactivity from [,H](OG)DHZ applied to mature 
leaws of Salix babyfollicCl was associated with the mid-kaf 
region. This region represents thl! site of initial app lication and 
accounted for 53% of the recowred radioactivity (Figure 2). Of 
the app lied radioactivity. 37~ had moved acropetally and was 
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Figure 1 Diagram illustrat ing point of , 'H )(OG)DHZ application 
(arrow) and division of leaf and subtending stem for analysis of dis-
tribution of applied radioactivi ty. 
S. Afr. J. Bot. 1996,62(5) 
37.6% 
0.2 % 
0.5% 
0.6% 
0.2% 
Figure 2 Detection of applied label within the treated leaf and 
subteJlding stem, expressed as a percentage of total recovered radio-
activity. Data represent the mean of three replicates. 
associated with the leaf tip. Basipetal movement of the applied 
label did occur but only 8% of the recovered radioactivity was 
associated with the leaf base (Figure 2). The upper stem I and 
lower stem I contained about 1 % each of the total recovered radi-
oactivity respectively, this decreasing to negligible amounts in 
both the upper stem II and lower stem II. Most redistribution 
therefore was observed in the leaf itself. 
HPLC analysis of the extract made from the mid-leaf region of 
the leaf to which the ['H](OG)DHZ was applied indicated that 
the applied cytokinin glucoside was not totally metabolized in 
the leaves, as 63% of the recovered radioactivity still coeluted 
with authentic (OG)DHZ. It is not surprising that the applied 
cytokinin glucoside was not rapidly metabolized as this is the 
type of cytokinin that accumulates in mature Salix baby/onica 
leaves (van Staden 1996a). TLC analysis of extracts from stem 
sections showed that the radioactivity did not coelute with 
(OG)DHZ (Figure 3). Radioactivity did not move from the origin 
and therefore had chromatographic properties similar to cytoki-
nin nucleotides. Although the nucleotide of DHZ ([9RMP]DHZ) 
exhibits similar chromatographic properties, it is unlikely that 
this could represent the translocatory form as it does in Yucca 
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Figure 3 TLC separation of methanolic extracts of the subtending 
stem (A), and leaf base sections (8), after application of [~H](OG) 
DHZ to the mid-section of a mature Salix babylonica leaf followed 
by a 24-h incubation period. 
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flaccida (Vonk & Davelaar 1981). This is due to the observation 
that metabolism of [,H](OG)DHZ within the mid-leaf section did 
not result in the formation of any detectable [9R-MP]DHZ fol-
lowing HPLC fractionation. There was, however, evidence of 
polar products of possible side-chain cleavage, which show simi-
lar chromatographic properties to those found in the stem and 
leaf-base sections. It is therefore possible that hydrolysis and 
side-chain cleavage precede transport from the leaf, and that the 
intact purine ring is translocated within the phloem. This is sup-
ported by the findings of Palmer ef af. (1981b) in decapitated 
plants of Phaseolus vulgaris. In this system, levels of (OG)DHZ 
accumulated in leaves of decapitated plants, but these levels 
decreased rapidly on outgrowth of lateral buds. A similar decline 
was also recorded over a 5-day period in detached leaves of 
decapitated plants, thus suggesting that the observed decline in 
attached leaves could not be due to export of the O-glucoside per 
se. Palmer ef al. (1981 b) therefore proposed that the observed 
decline in (OG)DHZ may be due to metabolism to a breakdown 
product, and/or a 'transport form', as is indicated in this study. 
The above proposition does, however, raise a question as to 
how the contradictory findings of this study and that of van Sta-
den (1976a) may be resolved. Phillips and Cleland (1972) 
reported that the excretory products of aphids feeding on Xan-
thium strumarium contained a cytokinin active in the soybean 
callus bioassay. More importantly. however, it was demonstrated 
that honeydew from aphids feeding on plants at the flowering 
stage contained a higher concentration of the cytokinin than that 
of those feeding on vegetative plants. On investigation of the dis-
tribution of label supplied to phloem and xylem tissue of Phaseo-
ius vulgaris, Hutton and van Staden (1984) also demonstrated 
that there was an increase in transport of phloem-supplied radio-
activity to the reproductive organs of flowering and fruiting 
plants. If the overall levels of cytokinin transported in the phloem 
differ with the developmental stage of the plant, it is possible that 
the fonn in which they are transported may also vary. Van Staden 
(l976b) investigated the cytokinin content of Salix honeydew in 
late autumn, sampling in the month of May. The current study 
used leaves that were mature, but non-senescing, sampling in 
January and February. Although it has been stated that in some 
leaves, application of large quantities of free base may result in 
young leaves behaving as mature leaves with respect to cytokinin 
metabolism (Hutton & van Staden 1985), the application of ['H] 
(OG)DHZ to mature leaves of Salix baby/onica does not appear 
to make them respond as senescing leaves. It would therefore be 
pertinent to investigate the transport of ['H](OG)DHZ from 
senescencing leaves of this species in order to compare this to the 
situation in mature leaves, in an attempt to resolve the contradic-
tory findings. 
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Food-flavouring smoke extracts promote 
seed germination 
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Aqueous extracts of planl-derived smoke promote seed germina-
tion. Two commercial smoke food flavourants were tested for their 
ability to stimulate seed germination. 80th extracts promoted ger-
mination of light-sensitive Grand Rapids lettuce seeds. One com-
mercial food flavouran t, Smoke Liquid Concentrate 94725, and an 
aqueous smoke extract of Themeda triandra were subjected to 
bioassay-guided fractionation. Purification steps included semi-
preparal;ve HPLC, Iwo TLC syslems and analyl;cal HPLC. Each 
purification step was monitored using the lettuce seed bioassay 
and biologically active fractions were pooled for further fractiona-
tion . After each step, biological activity was found in the same frac-
tions for both the commercial smoke extract and the T. triandra 
extract, indicating that they possibly contain the same active com-
pound(s) . 
Keywords: Food flavouring, fractionation, seed germination, 
smoke extract. 
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Smoke and aqueous smoke extrac ts have been shown to stimulate 
seed germination in both fire-dependent (De Lange & Boucher 
1990; Baxter ef al 1994; Brown 1993; Brown ef ai, 1993) and 
non-fire dependent plant species (Drewes ef al. 1995; Thomas & 
van Staden 1995). The use of smoke extracts may therefore find a 
wide application both commercially and in conservation of 
difficult-to-germinate species. It is at present not known what the 
active compound(s) in smoke is. nor is the mechanism known by 
which smoke acts. It has been suggested that the activity of 
smoke is due to the presence of ammonia or ethylene (van der 
Venter & Esterhuizen 1988), or to octanoic acid (Suucliffe & 
Whitehead 1995), but studies using light-sensitve lettuce seeds 
have indicated that neither of these compounds can account for 
the promoting effect of smoke extracts on lettuce seed germina~ 
tion (van Staden ef al. 1995c, Jager ef al. 1996a), 
It has previously been shown that almost all aqueuos smoke 
ex tracts generated from a wide range of plant species promoted 
germi nation of Themeda triandra seeds (Baxter el at. 1995). I n 
this communication we investigated the effects of commercial 
smoke extracts used as food flavourants on the germination of 
light-sensitive lettuce seed. 
Two commercial food flavourants. Smoke Liquid Flavor 
94275 (SLF 94275) and pyroligneous acid ex-eucalyptus wood 
621053, were obtained from Haarmen and Reimer SA Pty Ltd, A 
dilution series of each extract was assayed using the Grand Rap-
ids leuuce seed bioassay (Drewes el al. 1995) to test its ability to 
promote seed germination. The ex-eucalyptus 621053 extract 
promoted seed germination at dilutions of 1:10000 to 1: 
I 000 000 and the SLF 94275 extract at dilutions of I: 100 000 to 
I: I 000000 (Figure I) . Both extracts showed inhibition of ger-
mination at high concentrations (1: 1 000 dilution). This is in 
agreement with the work of Drewes ef al. ( 1995) and van Staden 
er tIL (1995b) who found thaI aqueous smoke extract o f ThernedtI 
trialldm was inhibitory in high concentrations. but promoted 
seed germination at more dilute concentrations. 
The SLC 94275 extract was purified by bioassay-guided frac-
